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.2012.05.Abstract A bacterium capable of tolerating some textile efﬂuent conditions such as salinity and
high temperature was used to decolorize methyl red (MR). Bacillus sp. isolated from Dead Sea salt
was identiﬁed by 16S rRNA phylogenetic identiﬁcation as Bacillus ST (accession number:
HQ013327). The bacterium showed 98% color removal under microaerophilic conditions in 24 h
at 30 C and 78% at 80 C in the presence of mannitol and NaCl. After decolorization an induced
programmed cell death (PCD) was proposed to eliminate all living Bacillus ST cells. Acetic acid,
which was linked to programmed cell death in yeast, was used in this study to examine its ability
to induce PCD in bacteria as well. The acetic acid concentration used was enough to shift the culture
pH from alkalinity to neutral. The formation of cytosolic caspase-3 suggested that the programmed
cell death occurs through an extrinsic pathway by which mitochondria are by passed and caspases
are directly activated. Comet assay which proved death upon the addition of 80 mM acetic acid in
120 min as compared to gamma radiation killed cells. Transmission electron microscopy (TEM)
showed cell shrinking, chromatin condensation and membrane blebbing which are all signs of
PCD. The mode by which this bacterium follows in programmed cell death is very similar to those
in mammalian and yeast cells. The process is proposed to be safe, efﬁcient and cheap for getting rid of
cells after bioremediation of colored efﬂuent.
ª 2012 Academy of Scientific Research & Technology. Production and hosting by Elsevier B.V.
All rights reserved.1. Introduction
Many organisms display stereotypical patterns of cell death
when responding to environmental insults or endogenousm
onal Research Center, Egypt.
g by Elsevier
c Research & Technology. Produc
004signals. While apoptosis is a physiological mode of cell death
in multicellular organisms, apoptosis-like cell death could be
described in unicellular organisms [1–3]. Apoptotic cells are
characterized by a speciﬁc series of morphological and bio-
chemical properties that set apoptosis apart from accidental
cell death or necrosis. Cells dying under these conditions dis-
play several characteristic markers of apoptosis which include
exposure of phosphatidylserine at the outer cell membrane, the
migration of chromatin in nuclei, nuclear fragmentation, DNA
degradation, increased protease activity or caspase like activity
[4,5]. Programmed cell death has been observed after weaktion and hosting by Elsevier B.V. All rights reserved.
186 O.M. Gomaaacid stress, oxidative stress, salt stress, and UV irradiation [6–
10]. Acetic acid is a weak acid which is an end product of fer-
mentation in yeast and could induce programmed cell death
when used in low concentrations [8]. Caspases are the main
protease enzymes which are activated during animal, plant
and bacterial apoptosis and mediate cleavage of a variety of
proteins leading eventually to cell disintegration [11].
Live microbial cells are known for their efﬁciency in decol-
orizing textile dyes, this process might require cell removal
after the process is ﬁnished. The majority of removal tech-
niques resort to autoclaving, ﬁltration, antibiotics, heat, or
ultraviolet radiation. Suggestions to use suicidal genetically
modiﬁed microorganisms in bioremediation in contained ves-
sels and banning their use in open water systems are also de-
bated despite the conﬂicts comparing their efﬁciency versus
their potential risk [12].
Bacteria are used in biodegradation of a wide range of
chemical compounds such as polyaromatic hydrocarbons
and dyes [13,14]. They are used as live cells for their enzymatic
induction of some enzymes such as the azoreducing enzyme
azoreductase [15]. The use of live cells require their elimination
after the process is done, therefore, the aim of the present work
is to isolate and identify a bacterium capable of decolorizing
an azo dye under high salt and high temperature, and to induce
programmed cell death by adding acetic acid to the medium
after the decolorization is complete.
2. Materials and methods
2.1. Isolation of salt tolerating, heat tolerating and decolorizing
bacteria
Approximately 10 g of salt sample, obtained from the Dead
Sea in Jordan, was added to sterile saline solution (90 ml)
and shaken (150 rpm) for 1 h. After serial dilution, 0.1 ml of
suspension was spread over Luria–Bertani Agar plates (LB)
(Oxoid). After 48 h incubation at 30 C, isolated colonies were
transferred to fresh LB plates containing different NaCl con-
centrations (0, 0.25, 0.5, 0.75 and 1 M). Total bacterial colo-
nies were counted and dilution factors applied to obtain
CFU/ml values [16]. The data plotted are the mean values
for three plates. Further selection was based on tolerance to
high temperature and methyl red decolorization. Colonies sur-
viving 1 M NaCl were used to inoculate a pre-culture medium
at 30 C for 24 h, about 1 ml of the pre-inoculum was used to
inoculate a set of ﬂasks under different conditions. Incubation
at 30 and 80 C were tested in the presence of 1 M of some sug-
ars (mannitol, trehalose, sucrose, glycerol, sorbitol and glu-
cose). The cultures which showing the highest growth at
80 C was chosen for decolorization test. Methyl red (MR)
was used as a model monoazo dye. The decolorization was
performed using LB media in the presence of mannitol (1 M)
and NaCl (1 M), 50 mg/l dye was added prior to sterilization,
about 5 ml of parafﬁn oil was added to provide microaero-
philic conditions, the decolorization of methyl red was per-
formed under static conditions for 24 h at 30 and 80 C,
after which, the oil was removed by a pro-pipette and the cul-
ture was centrifuged at 6000 rpm for 15 min to remove cells,
the supernatant was used to measure decolorization which
was calculated from the following equation:
ðA0  A=A0Þ  100 ð1ÞwhereA0 is the initial dye absorption on the day of inoculation;
A is the ﬁnal dye absorption after incubation. Absorbance
was measured at 430 nm using UV–Vis spectrophotometer
(Schimadzu UV 2100 spectrophotometer).
2.2. The isolation of genomic DNA and 16S rRNA identiﬁcation
The isolate tolerating high salt, high temperature and capable
of decolorizing MR was used for 16S rRNA characterization.
Genomic DNA was extracted from pure bacterial culture of
24 h grown in LB broth media at 30 C, centrifuged for
15 min at 6000 rpm. Bacterial lysis and DNA extraction were
performed according to the manufacturer’s instructions using
The GeneJETTM genomic DNA puriﬁcation kit (Fermentas
life sciences, EU). The obtained puriﬁed DNA was re-sus-
pended in 100 ll of TE buffer [17].
Oligonucleotide primers were used to amplify 16S rRNA.
The universal primers: PA forward: AGAGTTTGATCCTG
GCTCAG and PH reverse: AAGGAGGTGATCCAGCCG-
CA were used to amplify the 16S rRNA. The 16S rRNA was
ampliﬁed from the obtained using the following PCR program:
the initial denaturation at 95 C for 5 min, followed by 30 cy-
cles of 95 C for 1 min, annealing at 55 C for 1 min, and 72 C
for 2 min, and ﬁnal extension at 72 C for 7 min [18]. Ampliﬁ-
cation was done using Perkin Elmer GeneAmp PCR system
2400 (Germany). Amplicons were visualized by Electrophore-
sis on 1% agarose gel [17].
2.3. Sequencing and phylogenetic analysis
The 16S rRNA PCR product was extracted from gel using gel
extraction kit QIAquick Qiagen. DNA sequencing was con-
ducted using ABI Prism BigDyeTM Terminator Cycle Sequenc-
ing Ready Reaction Kit according the manufacturer’s
instructions (PE Applied Biosystems) ABI PrismTM 377XL
DNA Sequencer (Perkin Elmer).
The 16S rRNA DNA sequence was submitted to the Na-
tional Center for Biotechnology Information (NCBI) database
and the sequence was compared to other available 16S rRNA
sequences representing other Bacillus sp. using an automatic
alignment tool (Blastn). The construction of the phylogenetic
tree was generated by PhyML and the visualization of the tree
by TreeDyn using the online program www.phylogeny.fr. The
bootstrap values were obtained by drawing a tree using net-
wick generated ﬁle using the molecular evolutionary genetics
analysis MEGA 5 program [19].
2.4. Nucleotide sequence accession number
The 16S rRNA sequence was deposited in the NCBI Gene
Bankit nucleotide sequence database under accession number
HQ013327.
2.5. Induction of programmed cell death using acetic acid
A set of LB ﬂasks were prepared to monitor the effect of acetic
acid on bacterial growth by time. About 2 ml of a 24 h pre-
inoculum was added to 20 ml LB media and incubated under
shaking conditions (150 rpm) at 30 C for 24 h. Acetic acid
was added in the following concentrations: 0, 40, 80, 120 and
160 mM and ﬂasks were further incubated for 90 min. Both
cell viability and ﬁnal pH were monitored for all cultures using
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Figure 1 Bacterial isolation on LB medium amended with
different NaCl concentrations at 30 C at 24 h.
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Figure 2 Bacterial growth of cultures tolerating high NaCl
concentration (1 M) on LB media supplemented with different
sugars at 30 (white) and 80 C (grey).
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ments). Another set of LB ﬂasks were prepared to monitor
the growth of the bacterial culture using the optimal acetic acid
concentration in different incubation periods, namely: 0, 30,
60, 90, 120, 180 and 240 min. Bacterial count was performed
as described earlier.
2.6. Cytosolic caspase-3 assay
Cultures incubated with previously mentioned acetic acid con-
centrations for 2 h were centrifuged at 6000 rpm for 15 min, the
supernatant was discarded. Precipitated cells were completely
broken using a three consecutive freezing and thawing cycles.
One milliliter of phosphate buffered saline (PBS) was added,
the cells were centrifuged again, the supernatant was used for
cytosolic caspase-3 assay using p-nitro aniline (pNA) as the
substrate; absorbance was read at 405 nm using ELISA reader
[20].
2.7. Comet assay
Control cells and 80 mM acetic acid incubated cells were used
to detect the DNA damage using the comet assay technique.
The comet assay was performed by the modiﬁed method de-
scribed by Singh et al. [21]. The cell suspension (25 ll) was
mixed 1:10 with 250 ll molten low melting point (LMP) aga-
rose, and samples of 75 ll of the mixture were sandwiched
between two layers of LMP on slides. After gelling for 20 min
at 4 C in the dark, slides were put in a tank ﬁlled with lysis
solution (2.5 M NaCl, 0.1 M EDTA, 10 mM Tris base,
0.01% SDS and 1% Triton X-100) for 1 h at 4 C in the dark.
Slides were then washed three times with neutralization buffer
(0.4 M Tris, pH 7.5) for 5 min and incubated in fresh alkaline
buffer (0.3 M NaOH and 1 mM EDTA, pH> 13) for 30 min
at room temperature to allow unwinding of DNA. Electropho-
resis was then carried out at room temperature in fresh ice-cold
alkaline electrophoresis buffer for 20 min (25 V and 300 mA).
After electrophoresis, slides were gently washed three times
for 5 min in fresh neutralization buffer and exposed to 70%
ethanol for 5 min. After drying at room temperature, slides
were stained with 25 ll of ethidium bromide solution (20 lg/
ml) and covered with cover slip. Comets were examined at
200· magniﬁcation using a ﬂuorescence microscope. Positive
control (Cp) representing DNA damage was performed by
exposing the liquid culture to gamma radiation (25 kGy, dose
rate 1.63 Gy/s) at the Indian Cobalt source located at the
National Center for Radiation Research and Technology
(NCRRT), Cairo-Egypt.
2.8. Transmission electron microscopy
Bacillus ST cultures incubated with 80 mM acetic acid for 90
and 120 min were centrifuged at 6000 rpm for 15 min; cells
were washed in saline and ﬁxed overnight in 2.5% glutaralde-
hyde, washed twice for 15 min in 0.1 M sodium phosphate buf-
fer (pH 6) and postﬁxed in 2% osmium tetroxide, then washed
twice in distilled water and then en bloc stained with 1% ura-
nyl acetate for 30 min. This process was repeated twice, after
which, cells were dehydrated in 95% and 100% ethanol. Cells
were exposed to propylene oxide for 10 min twice and inﬁl-
trated in 1:1 propylene/epoxy embedding material mixture.
After polymerization for 48 h at 60 C, ultrathin sections werecut using an ultramicrotome, scanning was performed using
JOEL 100cx JEM transmission electron microscope at 80 kV
(magniﬁcation· 130,000). Pictures were captured using CCD
camera attached to the microscope.
3. Results and discussion
Bioremediation of colored textile efﬂuent faces several prob-
lems because of the nature of the efﬂuent, the primary concern
is the dyes present because their high visibility even at low
concentrations. Besides color, the dye ﬁxation process of cloth
takes place at high temperatures which reaches 80 C, the pro-
cedure of dyeing is performed in the presence of high concentra-
tions of several salts including sodium chloride [22], in order to
use live microbial cells for bioremediation, the temperature,
dyes present and salt content of the efﬂuent must be tolerable
to the organism or else inhibition of the microbial activity
would occur thus preventing the bioremediation process alto-
gether [23]. In this study, bacterial isolation was based on
tolerance to extreme conditions of temperature and salt in addi-
tion to the decolorizing ability, in order to avoid pretreatments
prior to biological treatment. Fig. 1 shows that there was a de-
crease in total bacterial count from 5.8 to 1.2 · 106 cfu/ml as the
NaCl concentration increased from 0 to 1 M, cells were capable
of forming colonies under the highest NaCl concentration used
(1 M). The salinity of an efﬂuent causes problems in conven-
tional biological treatment [24], therefore, halotolerant and
020
40
60
80
100
120
Media+Dye Media+NaCl+Man+Dye
D
ec
o
lo
riz
at
io
n 
(%
)
Figure 3 Decolorization of MR at 30 (white) and 80 C (grey)
using bacterial cultures cultivated under microaerophilic condi-
tions on LB medium and LB amended with NaCl and mannitol.
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Figure 5 Growth of Bacillus ST and ﬁnal pH values of
cultivating media in the presence of different acetic acid concen-
trations after 1 h incubation.
188 O.M. Gomaahalophilic bacteria are considered suitable for overcoming such
problem. The colonies forming at 1 M NaCl concentration
were tested for their tolerance to heat in the presence of sugars.
Fig. 2 shows that the isolate could grow at 30 C in LB media
and LB supplemented with sucrose, trehalose, sorbitol and
mannitol, while growth at 80 C was only attained in the
presence of sucrose, sorbitol and mannitol being the highest.
Mannitol is one of the compatible solutes which are known
to protect microbial cells from high temperature [25]. Since
the optimal temperature for cell growth ranges between 25
and 45 C, the loss of cell viability would inhibit growth be-
cause of the denaturation of the cellular enzymes; compatible
solutes are added to the media or are synthesized by some
microorganisms to help the cells tolerate extreme conditions
of drought or elevated temperatures [25]. This isolate is
regarded as thermotolerant since it grows at 80 C only in the
presence of mannitol, while bacteria are considered thermo-
philic if it favors growth at temperatures ranging from 45 to
70 C [26]. The halotolerant thermotolerant bacterium was fur-
ther tested for its ability to reduce MR, a simple azo dye. Fig. 3
represents the decolorization of MR in the presence and ab-
sence of mannitol and NaCl at 30 and 80 C. The results show
98% decolorization at 30 C, while the decolorization de-
creased to 72% at 80 C, the expected decrease in decoloriza-
tion and growth at high temperature was clearly counteractedFigure 4 Phylogenetic Identiﬁcation of the halotolerant, thermotoler
the NCBI database.by the presence of mannitol in the cultivation media. From
the above results, it is clear that this bacterium is capable of
color removal under conditions of high salt and high tempera-
ture. Mixed salt tolerating bacteria were reported to decolorize
an azo dye under stringent oxygen conditions [27]. Different
microbial systems could be employed efﬁciently to remove the
color of azo dyes [28], this removal could be initiated by the
azoreductase enzyme in some bacteria which targets the
–N‚N– bond responsible for the color [29]. The lack of oxygen
in the cultivation conditions provides an enzymatic degrada-
tion; the main azo-bond cleavage reductase enzymes, which
are mainly functional under anaerobic conditions [28]. The
strong electron-withdrawing tendency of azo groups compared
to the oxygen present in the reduced carrier, which is NADH
[29–31]. Azo reduction of azo dyes could occur under both
semi-aerobic and anaerobic conditions, although the later is
more common. The physiology of the reaction of reductive
cleavage indicates that reduced ﬂavins in the cell either reacts
with oxygen or azo dye [32], therefore, by eliminating the oxy-
gen through the addition of a layer of parafﬁn oil, the ﬂavins
would act on the azo bond resulting in their reduction and
decolorization. Several bacteria such as Bacillus, Pseudomonas
and Aeromonas sp. were found to successfully degrade dyes un-
der anaerobic conditions [33]. Microscopical examination ofant decolorizing strain Bacillus ST as compared to other Bacilli in
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Figure 6 Growth of Bacillus ST cultures incubated with 80 mM
acetic acid in different times.
0
2
4
6
8
10
12
14
0 20 40 60 80 100 120 140 160 180
Acetic acid (mM)
Ca
sp
as
e 
(pi
co
m
o
le
 p
NA
/m
in
/m
l)
Figure 7 Changes in caspase 3 activity with different acetic acid
concentrations.
The involvement of acetic acid in programmed cell death for the elimination of Bacillus sp. used in bioremediation 189the surviving cells showed only one isolate which was given the
name Bacillus ST. The 16S rRNA phylogenetic identiﬁcation of
the isolate is represented in Fig. 4; the analysis of the partial 16S
rRNA gene sequence of strain Bacillus ST formed a separateFigure 8 Comet assay pictures of control andphylogenetic cluster which was closely related to two Bacillus
azo reducing strains; AzoR-6 and AzoR-8, this supports the
notion that the isolated bacterium contains an azoreducing
enzyme. As opposed to the notion that extremely high salt80 mM acetic acid treated Bacillus ST cells.
190 O.M. Gomaaconcentrations may prohibit microbial life, a bacterium was
isolated and characterized as Halobacterium marismortui sev-
eral decades ago from the Dead Sea [34], also a photosynthetic
algae and halophilic archaea were also isolated from the Dead
Sea [35]. The ability of bacteria to live in hypersaline environ-
ments revealed its ability to be used as a tool in bioremediation,
an acetate oxidizing sulfate reducing bacterium was isolated
from the Great Salt Lake in Utah [36].
After the decolorization process is completed, bacterial
elimination must be ensured prior to the release of decolorized
efﬂuent into public sewers. The alternative for classical micro-
bial elimination is the use of suicidal genes which is considered
unsafe for the environment [12]. Programmed cell death (PCD)
is a common effect which is observed after the exposure of cells
to some environmental stresses such as weak acid, oxidative
stress and antibiotics. Acetic acid, a weak acid, which was used
in this study to induce PCD in Bacillus ST, it is widely used as
preservative to prevent microbial growth on food stuff, and was
used to treat topical Candida albicans infections, it is reported
to promote apoptosis in Saccharomyces cerevisiae, Zygosac-
charomyces bailii and C. albicans when used in low concentra-
tions [5]. The results shown in Fig. 5 shows decrease in
colony forming units at the same dilution from 1.4 to less than
0.2 CFU · 106 as the acetic acid concentrations increased to
80 mM, after which there was a steady state at higher concen-
trations (120 and 160 mM). On the other hand, the media pH
shifted from the alkaline (8.2) to the acidic range (5.8). The
pH of colored waste water is somewhat alkaline and a shift is
required to neutral prior to disposal. The addition of acetic acid
to microbial cells is considered lethal [6], concentrations rang-
ing from 100 to 400 mM, for Escherichia coli [37] are considered
effective enough to induce death. Acetic acid is a normal end
product of the alcoholic fermentation carried out by yeasts.
This compound is not metabolized by glucose-repressed yeast
cells and enters the cell in the undissociated form by simple
diffusion. Inside the cell, the acid dissociates and if the extracel-
lular pH is lower than the intracellular pH, this will lead to
intracellular acidiﬁcation, anion accumulation and inhibition
of the metabolic cell activity, namely; fermentation and respira-
tion [8]. Fig. 6 indicates that incubation time with 80 mM acetic
acid induced lack of colony forming ability by time after
120 min, this indicates that prolonging the incubation time
from 90 to 120 min is sufﬁcient to stop growth at a lower acetic
acid concentration. To conﬁrm that the Bacillus ST cellsTable 1 Comet measurements were carried out using Comet Scor
Assay 1.5; Perceptive Instruments, Suffolk, United Kingdom) was u
were analyzed. The DNA damage in the extract-treated cells was qua
migration distance in the tail) were compared with untreated cells
Whitney U test. Student’s t test was used to analyze normally distrib
Comet
length (px)
Comet
height (px)
Comet
area (px)
Head
diame
Control Mean 96.440 94.995 9785.936 94.41
SE 7.007 6.605 1393.256 7.16
CP* Mean 137.129 104.909 15626.182 103.44
SE 13.506 4.847 2561.860 5.82
Sample** Mean 187.182 111.394 22884.432 107.27
±SE 15.154 8.037 2653.185 7.04
CP* represents positive control of gamma irradiated cells.
Sample** represents the bacterial cells incubated with 80 mM acetic acid.incubated with acetic acid are showing signs of PCD and just
dormant or lacking the ability to from colonies but are still via-
ble, caspase-3 enzyme was assayed, Fig. 7 shows that cytosolic
caspase exhibit an elevated increase as the acetic acid concen-
tration increases from zero (4.6 pmol pNA/min/ml) to reach
the maximum at 120 mM (12 pmol pNA/min/ml). A cell trig-
gered to undergo apoptosis activates a wide cascade of molec-
ular events which result in programmed cell death [8], caspases
are known to be death indicators, the cells sense the damage
through certain receptors and therefore, activates an apoptotic
signal transduction process where caspase proteases are
released [11,38]. There are two major pathways involved in
the apoptosis process, an intrinsic pathway which involves
the participation of mitochondria and an extrinsic pathway in
which mitochondria are bypassed and caspases are directly
activated [39]. Since cytosolic caspase were detected, mitochon-
drial caspases are drawn out of the picture, therefore suggesting
that the process of PCD have taken place via an extrinsic
pathway.
The evaluation of the damage induced by acetic acid on the
single cell level was assessed by single cell electrophoresis also
known as comet assay, it is a sensitive technique used to detect
DNA fragmentation [40]. Fig. 8 represents the photos captured
by comet assay, the visual scoring of cells show that control
cells are intact while acetic acid treated cells reveal formation
of evident tail migration, while Table 1 shows the comet
height, width and area along with the % DNA in tail and tail
moment as calculated by the mentioned software. Gamma
radiation was used as the positive control for this experiment,
the chosen dose was 25 kGy which is perceived as enough for
killing microbial cells, it is usually used in killing microbial
cells or sterilization [41]. Gamma rays are composed of pro-
tons that produce reactive oxygen species through ionization
of water molecules, its effect is eminent on different cell com-
ponents especially causing DNA damage [42], the results show
that the damages exerted under acetic acid conditions were
very close to those caused by the gamma irradiated positive
control, an indication that acetic acid causes death in a pattern
similar to that of gamma radiation. On the other hand, TEM
was used to indicate that incubation time is responsible for
bacterial PCD, Fig. 9 shows that incubation with 80 mM acetic
acid for 90 min has caused chromatin condensation and
microbial blebbing, while incubation at the same concentra-
tion for 120 min caused cell shrinking besides the chromatine TM Software, Version 1.5. An image analysis system (Comet
sed to determine DNA damage. Overall, at least 50 cells/samples
ntiﬁed as tail moment (the DNA product in the tail and the mean
and sample-treated cells groups by the nonparametric Mann–
uted tail migration and head diameter.
ter (px)
Tail
length (px)
Tail
area (px)
% DNA
in tail
Tail
moment
Olive
moment
6 6.042 1.873 5.699 0.484 1.962
0 1.619 0.873 1.268 0.301 0.672
2 34.223 3.889 16.791 7.653 9.351
4 7.543 2.889 3.512 3.213 3.235
8 80.114 191.526 24.273 22.324 17.282
5 8.493 128.248 3.132 3.880 2.558
Figure 9 TEM for control and acetic acid treated Bacillus ST cells.
The involvement of acetic acid in programmed cell death for the elimination of Bacillus sp. used in bioremediation 191condensation and cell membrane blebbing. These signs are
characteristic indications for PCD as indicated by Philips
et al. [5].
4. Conclusion
In conclusion, the use of Bacillus ST in removal of MR un-
der high salinity and high temperature conditions proved to
be successful. The use of a natural compound such as acetic
acid to induce programmed cell death in decolorizing bacte-
ria is considered more safe than adding antibiotics or intro-
ducing suicide plasmids or killer genes and less time
consuming than autoclaving. Both, concentration and time
of incubation with acetic acid are key factors in the apoptosis
of Bacillus ST. The presence of cytosolic caspase-3 indicates
that an extrinsic pathway bypassing mictochondria is directly
involved; these results suggest that dying bacterial cells exhi-
bit many key markers of mammalian and yeast programmed
cell death. This is a safe and economic mode of discarding
the bacteria used after the completion of a bioremediation
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